Abstract-Seed size before storage can affect the performance of the seed after storage. Seed size correlates to energy reserves, and therefore an evaluation of the relationship between seed size and seed quality is needed. This paper discusses variations in the seed sizes of sixteen UNPAD sweet corn lines to determine the relationship between seed size and seed quality. The sweet corn lines used in this study were classified into two groups by seed mass (weight). Seeds classified as small averaged between 8.0-10.6 g per 100 seeds in mass, and heavy seeds averaged between 11.5-13.7 g per 100 seeds. The results showed that seed moisture content and germination rate were significantly correlated to seed size, and there was a slight positive correlation between the seed germination rate and seed weight. We conclude that heavy seeds were of better quality than small seeds.
I. INTRODUCTION Sweet corn (Zea mays L. var. saccharata) is one of the vegetables most favoured by Indonesians. Unfortunately, sweet corn productivity in Indonesia between 2010 and 2015 was only 4.81 tons/ha, even though research indicates potential yields of up to 14-15 tons/ha [1] . In many crops, one of the major contributors to low yield is the use of low quality seed, as reported by [2] about wheat, [3] about peanuts, and [4] about maize. Many factors can cause seed quality to decrease, a phenomenon called "seed deterioration". One of these factors is storage duration [5] , [6] . Seed quality can be assessed by measuring physical and physiological characteristics [7] , [8] , [9] . Munamava [10] reported that the seed quality of inbred lines is an important quality indicator for seed breeders because of the variations among seed lines. The physical quality of seed is evaluated by observing variations in the size, weight, and shape of individual seeds. Physiological quality measures viability and seed vigor [11] . El-Abady [4] reported that round maize seeds exhibit lower seedling performance than flat ones. [12] , [13] reported that heavier seeds demonstrate better germination rates, seedling vigor, and sprouting capability, and also offer better economic yields than small seeds. Several studies have reported similar results and suggest that heavy seed conferred an advantage during storage and retains excellent germination characteristics over long storage periods [14] , [15] . Also, several researchers have observed that seed of different genotypes behaves differently during storage [16 -18] .
Research on variations within UNPAD maize lines has been conducted since 2005, using quality protein maize (QPM) and downy mildew resistance lines as breeding materials [19] . However, little research has been done on the study of seed quality. Therefore, the objectives of this study were to characterize the quality of 16 seed lines selected from the new UNPAD sweet corn collection and to determine the relationship between physical and physiological seed qualities among lines, with the goal of optimizing these lines for future use as breeding materials.
II. METHODS
This experiment was conducted in the Plant Breeding and Seed Technology Laboratory of Faculty of Agriculture Universitas Padjadjaran (UNPAD) from July 2017 to January 2018. The seed used in this experiment was selected from 16 inbred lines of UNPAD sweet corn seed generated using several breeding materials and methods ( Table 2 ). The seed of 16 lines was arranged by weight per 100 seeds and examined by PCA (Principal Component Analysis). The seeds were stored in porous fabric packages grouped into ventilated boxes. Temperature and relative humidity measurements were collected from digital thermohygrometers every day during storage period ( The experiment used a simple completely randomized design and consisted of 16 treatments with two replications. The quality parameters measured in this study were physical (moisture content of seeds, and seed weight), and physiological (seed germination, and synchrony germination of seeds). All parameters were measured before and after the storage periods (2 and 4 months). The data obtained were analyzed using regression-correlation tests run in SPSS 24 software.
A. Seed Moisture Content
Seed moisture content was measured using the ISTA oven method. We exposed samples to a temperature of 130°C for 36 hours, and then calculated the percentage of seed moisture content using the following formula [20] . 
B. Seed Germination
The seed germination tests were conducted using paper roll in a solar germinator at room temperature, and counted germinated seeds at four and seven days [21 -23] . The seed germination percentage was calculated using the formula: 
C. Synchrony of Seed Germination
The synchrony of seed germination was calculated as a percentage of the seed that had germinated normally at four days [23] .
III. RESULTS AND DISCUSSION
The seed lines were classified into two groups, small and large seeds (Table 2 ). Seed size classification was based on the weight of 100 seeds. Small seeds ranged between 8.0-10.6 g per 100 seeds and the heavy seeds ranged between 11.5-13.7 grams per 100 seeds. All the maize seed used in this study was the "dent" shape type.
The seed moisture content percentage was not significantly correlated with seed mass before the 4-month storage period (Table 3 and Fig. 1 ). However, there was a strong and significant correlation between the seed moisture content and seed mass after 4 months of storage. This indicates that after 4 months, the heavy seed had maintained a lower water content than light seeds.
The germination percentage was insignificantly correlated with seed mass before the 4-month storage period (Table 3 and Fig. 2 ). However, there was a significant positive correlation between synchrony of germination rate and seed mass after 4 months of storage. The result suggested that synchrony of germination in maize is affected by seed mass. P5xP3(x)(5)
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The synchrony of seed germination rates in heavy seed was better than that of small seeds after storage. Germination synchrony did not significantly correlate with the weight of 100 seeds (Table 3 and Fig. 3 ). However, synchrony of germination rates was moderately positively correlated with seed mass in (Fig. 3) . This result suggests that a heavy seed had good longevity. Note: ** = correlation is significant at the 0.01 level (2 tailed) and* = correlation is significant at the 0.05 level (2 tailed) In this study, the correlations between the seed mass and several physical and physiological traits were evaluated as measures of seed quality. Our study agrees with [24] which suggested that small maize seeds could absorb higher water vapor than heavy seeds because they have proportionally larger surface areas, permitting greater absorption. Furthermore, corn seeds with high protein content could absorb water vapor with highest capacity [25] . Seed germination rate measures the ability of seeds to grow into normal plants under optimum conditions [26] . Many things can decrease the germination rate of seed stored in an open storage system. The two most important factors revealed by our study were the temperature and relative humidity in the storage room [27] , [28] .
We used open storage system to identify which lines exhibit the best longevity. Our research revealed that the lines with heavy average seed sizes have higher germination rates than lines with smaller averages. Smaller seeds germinated more slowly and demonstrated lower germination percentages than heavier seeds, because the scutellum of a heavy seed has more stored energy than light seed as agreement in many crops, in field corn [29] , in wheat [30] and in Artocorpus species [13] . The different amounts of food reserves in seeds and different embryo sizes affect their germination rates.
Synchrony of germination is one of the vigor parameters to quantify seed longevity [31] , [32] . In our study, we found insignificant correlations between seed mass and synchrony of seed germination. However, the value of R-squared showed a positive correlation between them (0.04). It indicated that the heavy seeds had a higher degree of seed germination synchrony than small seeds. Vigor always decreased faster than viability [33] . We assumed that all seed lines would deteriorate over 4 months of storage. The increasingly size of seed has high value of seed germination as mention above due to energy source in heavy seed higher than small seed. Even though, the energy in heavy seed was not enough to maintain the level of synchronization of seed germinate after 4 month storage. This result agrees with results reported in several previous studies [34] , [35] .
The open storage method affected all of the parameters measured in this study. During the 4 months of storage, we collected room temperature and relative humidity data. According to the data, seed moisture content fluctuated with room temperature and relative humidity (Table 1 ). This phenomenon is called "equilibrium moisture content (EMC)" [36] .
McDonald [36] suggested that seed moisture content and the equilibrium seed moisture content affect seed performance and are important factors impacting seed longevity. We found significant correlations between seed mass and the other parameters measured in this study because of the EMC affect with reference to seed mass. We suggest that the seed mass or weight of seed should be considered when selecting lines to use as breeding .material to develop new varieties for the UNPAD maize collection.
The low germination rate and the synchrony of germination in small sweet corn seeds was due to the higher water content of the seeds. Small sweet corn seeds after storage had higher moisture content than heavier seeds (Fig.  1) . Seed with high moisture content has an increased rate of respiration, which causes protein hydrolysis, depleting the food reserve in the seed [37] . The rule of thumb is that every 1% increase in seed moisture content and 5°C increase in storage temperature would decrease halves the life of the seed [38] . Our findings support earlier reports that seeds with high water content deteriorate more quickly and have lower germination rates [39] , [40] .
IV. CONCLUSION Our research indicates that heavy seeds perform better than small seeds after storage. The weight per 100 seeds, germination capability and synchrony of seed germination were the important traits and may useful for future breeding program.
ACKNOWLEDGMENT
We are grateful to Dr. Dedi Ruswandi for provided the seeds. Thanks to Annisa, Debby, Niki, Rezeki, and Rofi for their help in the laboratory.
Advances in Engineering Research, volume 172

